INTRODUCTION
Within HCFA's Office of the Actuary, the Office of National Health Statistics (ONHS) is charged with the responsibility for maintaining the National Health Accounts (NHA). These accounts form the structure for maintaining health care expenditure information for the United States.
In response to a request by the 1993 President's Task Force on Health Care Reform for estimates of health care spending by States, ONHS initiated a project to update estimates of State-specific health spending to current periods. The purpose behind this effort was twofold: to create an analytical tool that could be used to identify differences among States in patterns and levels of spending, and to create statistics that could be useful in addressing global budgeting issues for health care reform.
As a first step in this process, ONHS created State estimates of personal health care spending, where "State" represents the location of the provider of service (Levit et al., 1995) . In other words, these estimates show the amount of revenues received by providers of a State, regardless of the residency of the patients using the services. This provider-State definition is driven by data available for estimating purposes that is usually collected from providers based on their location. The provider-based estimates are useful for measuring demand for health care in the State; however, they fail to address one important issue: How do health care costs per person vary from State to State? Because State spending estimates based on location of provider do not accurately represent spending by persons residing in that State, calculating per capita spending estimates using expenditures by State of provider along with resident population will produce inaccurate results.
To address this issue, ONHS is refining the State estimates so that they reflect health care expenditures made by the population of a State rather than revenues received by the State's providers. This task involves adjusting expenditures from provider location to beneficiary residence. The adjustment process requires the creation of complete interstate flow matrices that track service-specific expenditures incurred by Medicare beneficiaries of each State in every other State. Medicare interstate flow matrices are also intended to serve as the building blocks for estimating border-crossing patterns and expenditures per capita for non-Medicare beneficiaries residing in a State. Although spending for Medicare services by residence State is available, similar data for the non-Medicare population is not. Thus, Medicare flows will provide a basis for calculating nonMedicare flows, the work on which has already started.
The data adjusted for border crossing are expected to greatly enhance the usefulness of State estimates by providing States with tools to evaluate and assess the spending patterns of their residents for health care as a whole and by type of service. Despite the waning of the comprehensive national health care reform effort and the accompanying need to address global budgeting issues, per capita spending estimates by location of beneficiary residence provide a data base useful for interstate comparisons of health spending. These estimates are also useful for evaluating the effectiveness of individual State health reform initiatives by providing information on expenditures incurred by the residents for different services, spending growth over time, and the impact of policy changes on spending patterns. The adjustment for border crossing is especially important because studies indicate that patients traveling long distances use more resources and incur higher hospital charges than do local patients (Welch, Larson, and Welch, 1993) . Thus, per capita expenditure will be grossly overstated for a State that is a major net exporter of services if the highcost out-of-State cases are not excluded. 1 For example, per capita Medicare spending for the District of Columbia would be 43 percent higher, had no border-crossing adjustment been done.
Border crossing is a much-discussed subject area and is a part of the broader research on health service markets and identification of health service areas. Literature regarding the distance between patients and providers and the impact of distance on health care utilization can be traced back many years (Kleinman and Makuc, 1983; Shannon, Bashshur, and Metzner, 1969) . Prior research on border crossing often used a health service area as the unit of analysis, defined either by geographic boundaries or by market shares of providers (Garnick et al., 1988; Morrisey, Sloan, and Valvona, 1988) . Only a few of these studies focused on interstate border crossing (Buczko, 1992; Holahan and Zuckerman, 1993; U.S. General Accounting Office, 1992; Miller and Welch, 1992) . Many of the previous studies analyzed travel patterns of patients using the utilization data of beneficiaries and primarily focused on inpatient hospital care (Hogan, 1988; Bronstein and Morrisey, 1990; Buczko, 1992; McGuirk and Porell, 1984) , physician services (Holahan and Zuckerman, 1993) , and ambulatory care (Kleinman and Makuc, 1983; Makuc, Kleinman, and Pierre, 1985) .
This article presents the results of a pioneering effort by HCFA to measure interstate border crossing for each of 10 individual types of services used by Medicare beneficiaries by analyzing the expenditure data at the beneficiary level. The study's findings are based on the data base created as a result of this effort, which is the only nationwide data base covering a broad array of services. This analysis summarizes the out-of-State spending patterns of all Medicare beneficiaries, based on the interstate flow of expenditure data developed for calendar year 1991. The analysis provides Statespecific data on Medicare expenditures for Medicare-covered services 2 by State of provider and by State of beneficiary residence. The differences between these estimates for each State reflect the adjustment for border crossing. The study also provides estimates of per capita Medicare expenditure by State and analyzes interstate differences in expenditure flows by computing rates of inflow and outflow of Medicare expenditure in each State.
DATA AND METHOD
For the Medicare population, the data on expenditures for health care services are obtained from the Medicare data files known as the National Claims History (NCH) files. These files contain records of transactions between the Medicare program and providers of health care services. Among the information items recorded are allowed charges, Medicare payment amounts, and number and type of services provided. The calendar year 1991 data base was used as the primary source for computing Medicare interstate flows for 1991. NCH files were used to process claims data for inpatient and outpatient hospital services, skilled nursing facility (SNF) services, home health agency (HHA) services, hospice care, independently billing laboratory services, freestanding end stage renal disease (ESRD) facilities, and physician and Part B supplier services.
Selection criteria were established and adjustments were made to the data to estimate the interstate spending pattern of Medicare beneficiaries. First, the State of the provider and the State of the beneficiary residence were determined, based respectively on the first two digits of the institutional claim number and the Social Security Administration (SSA) standard State codes identifying geographic area of residence. For physician and Part B supplier services, the provider State was determined using one or a combination of methods, e.g., the carrier number for carriers servicing all or part of a single State, pricing locality codes for multistate carriers, and provider ZIP Codes. Second, Medicare payment amounts for institutional claims from prospective payment system (PPS) hospitals were calculated by adding the result of per diem passthrough amounts times the number of Medicare covered days, plus covered charges for organ acquisition, to the provider payment amounts recorded in the institutional claims. Physician/supplier records contained the allowed charge amount, which was used as a proxy for program payments to providers or beneficiaries.
The next task was mapping data into NHA type-of-service categories. For this, a crosswalk was developed between the Medicare bill types and NHA type-of-service categories. The bill-type variable, which is the primary means used to allocate institutional data into NHA categories, was determined from the provider number facility-type code and the claim serviceclassification type code. For physician and Part B suppliers, the provider specialty code was used to categorize claims from physicians, other professionals, and durable medical equipment suppliers.
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FINDINGS
Tables 1-6 present summarized information on interstate flows of Medicare expenditure that resulted from HCFA's study. The tables follow the format usually presented in the National Health Expenditure (NHE) studies (Levit et al., 1994) , where services are grouped together into NHA categories according to the establishments providing services. These establishments are defined by the Standard Industrial Classification coding system (Executive Office of the President, 1987) . In addition, data are presented for selected Medicare program service subcategories. For example, expenditures for inpatient and outpatient hospital services are included in expenditures for hospital care. Similarly, expenditures for care provided in hospital-based nursing homes are included in hospital care. Expenditures for a few Medicare service categories are not presented separately but are included in the broader NHE group (e.g., independently billing laboratory services are included under expenditures for physician services). Table 2 shows the results of converting the estimates based on provider location of Table 1 into estimates based on State of beneficiary residence. In preparing this conversion, border crossing was estimated for 10 different service categories. These categories represent Medicare types of services, including inpatient hospital care, outpatient hospital care, physician services, nursing home care, independent laboratory services, other professional services, services provided by freestanding kidney dialysis facilities, home health care, durable medical equipment supplies, and hospice services. A set of flow factors was calculated for each service type, based on the expenditure incurred by Medicare beneficiaries in their home State and in each of the other States in which they received services. These interstate flow matrices provide the basis for residence-based adjustments made in Table 2 to the provider-based data in Table 1 .
Converting From Provider State to Beneficiary State
In preparing the adjusted data, the flow ratios for each individual Medicare service category have been applied to the corresponding provider-based estimates and then collapsed into NHA categories mentioned earlier. In some cases, two or more flow matrices were used to adjust a single NHA category. For example, although it belongs to the hospital service, hospitalbased nursing home estimates in Table 2 are derived by using the interstate flow factors for the nursing home category. Similarly, although not shown separately, the physician estimates include independent laboratory expenditures, which are derived by using a separate set of adjustment factors (or flow ratios). Home health care is split into hospital-based (included under outpatient hospital care in the tables) and non-hospital-based categories-in either case, however, the residence-based adjustment is made using flow ratios derived for total home health care.
An underlying assumption in this study is that Medicare enrollees in health maintenance organizations (HMOs) have similar travel patterns and health care expenditures to individuals covered by fee-forservice (FFS) plans. A major constraint in analyzing expenditure patterns for HMO enrollees is that no billing data exist for services received by Medicare HMO patients. The extent of border crossing by this group depends largely on the location of the provider network and other constraints on the choice of the providers. Thus, no definite conclusion can be reached on the border-crossing pattern by Medicare HMO enrollees. For lack of data 4 Regions in this report represent economically interdependent groupings of States designated by the U.S. Department of Commerce, Bureau of Economic Analysis, based on journey-towork patterns of employees. 
Net Flow Ratios
To show the relationship between provider-based and residence-based estimates, Table 3 contains a set of ratios calculated by dividing Medicare expenditures by State of beneficiary residence by the corresponding expenditure by the provider State. The ratios, called net flow ratios (NFRs), measure the extent to which a State is a net importer or net exporter of services both overall and by types of service. States that are net exporters of services have NFRs less than 1. These States provide more services to out-of-State residents than the corresponding services their residents receive out of State. In contrast, the States with net flow ratios greater than 1 are net importers of services. The residents of these States consume more services than are produced in the State. Regional data presented in Table  3 indicate that the New England, Plains, Southeast, Southwest, and Far West Regions are net exporters of services in the aggregate, and the remaining regions are net importers. The table indicates that except in the Plains Region, which exports a net amount of 3 percent of services (NFR equals 0.9716), all other exporting regions export a net amount of less than 1 percent. The Rocky Mountains and Great Lakes Regions import a net amount of about 2 percent of their services (NFR values are 1.0219 and 1.0245, respectively). For the Mideast Region, the services produced are nearly identical with services consumed by residents of that region, resulting in an NFR value close to unity (1.0008). In general, NFRs for regions are usually close to 1 overall and for most services. Whether a State is a net importer or net exporter of services depends on a variety of factors representing both supply and demand. Studies investigating the bordercrossing issues for inpatient hospitals and for physician services identify a few of these factors. The supply indicators that have been found to have significant impacts on border crossing for inpatient care are availability of physicians, inpatient beds, specialists, and specialized services (Buczko, 1992) . Demand is determined by a variety of factors, such as sociodemo¬ graphic characteristics, population size, health status, and the complexity of illness. Although distance is found to be largely associated with severity of illness in several studies (Adams et al., 1991; Welch, Larson, and Welch, 1993) , it can be a deterrent to hospital choice, particularly for older Medicare beneficiaries (Adams et al., 1991) . States with large proportions of very elderly Medicare beneficiaries (85 years of age or over), such as Nebraska, may tend to have lower NFRs (0.9784), because there is evidence to suggest that the very old do not travel extensively, particularly for hospitalization (Hogan, 1988; Adams et al., 1991; Fu Associates, 1993) . 5 Most California residents live on the coast and not near the borders, reducing the potential statewide amount of border crossing for health care for HMO and non-HMO beneficiaries alike. 6 Larger geographic areas, such as the regions used in this report, normally would show a smaller proportion of border crossing than smaller areas such as States. (Table 5 ). An outflow of expenditures indicates import of services, and an inflow of expenditures implies export of services. The States with higher outflow than inflow rates are net importers of services, with NFR values of greater than 1. The reverse is the case for States having higher inflow than outflow rates. The weighted average inflow and outflow rates of expenditures for all areas together are the same, indicating no net flow occurring overall.
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The inflow and outflow rates of expenditure for all services together are highest in the Plains Region (12.75 and 10.20 percent, respectively) and lowest in the Far West (3.91 and 2.96 percent, respectively). In both regions, however, the inflow rate exceeds the outflow rate. Although services may be received by Medicare beneficiaries in foreign countries, Medicare does not pay for these services. Therefore, all Medicare expenditure flows are confined to the United States and its territories. 8 Because of this, although outflow rates across States are, on average, found to be greater than the corresponding inflow rates, the all-area (weighted) average rates are equal. This can be explained by the fact that the States with higher inflow rates also have higher weights because they contribute to higher proportions of total expenditure. Holahan and Zuckerman, 1993) . Ranked by services, the lowest amount of border crossing (indicated by both average outflow and inflow rates) is observed in the category of home health care (2.73 percent). Because home health services are mostly used by the home-bound elderly (Helbing, Sangl, and Silverman, 1993) , and the agencies delivering the services are in most cases licensed by the State (Intergovernmental Health Policy Project, 1993) , most home health service areas are limited by State boundaries. Longer travel time is also likely to be an impediment to access, particularly in rural areas, because this raises service delivery costs (Kenney, 1993) .
The highest rate of border crossing is observed in the area of medical durable supplies (20.85 percent). The large interstate flows for medical durables appear to indicate that there is no fixed local market area for these services. The major components of medical durables paid by Medicare include prostheses, orthotics, wheelchairs, oxygen, and oxygen supplies. The concentration of wholesale distributors in certain regions and "telemarketing" may be contributing factors causing large interstate buying and selling of these products.
Moreover, Medicare claims data from several medical supply companies reflect centralized billing offices located outside the State where services are actually rendered, contributing to ambiguity in correctly identifying the location of the provider.
The data for hospital care and physician services show that out-of-State spending for these two areas falls between the two extremes. The border crossing occurring in the use of inpatient hospital care is 6.72 percent and that for physician services is 7.20 percent in 1991. Tables 4 and 5 indicate that, in general, Medicare out-of-State expenditures are similar for inpatient hospital care and for physician services, indicating similarity of forces driving border crossing across these services. The outflow rate exceeds the inflow rate in the Mideast, Great Lakes, and Rocky Mountain Regions for both types of service expenditures. The reverse pattern is observed in other regions, except in New England, where the outflow rate corresponds to the inflow rate for physician services and is lower than the inflow rate for inpatient hospital services.
Improving Per Capita Expenditure Estimates
In addition to serving as the tool to track down expenditure flows across States, the major purpose of developing border-crossing measures for Medicare spending is to provide adjustment factors so that valid computation of per capita expenditures is possible. Without the adjustment for interstate border crossing, estimates of State spending per person could be produced only by using (1) expenditures by location of provider and (2) population by location of beneficiary residence. Studies examining this issue (U.S. General Accounting Office, 1992) suggest that "State transfers of health services" are not statistically sig-nificant in explaining differences in State spending levels. However, the implication of the border-crossing adjustment for individual States cannot be overstated in light of its role in accurately identifying the spending levels for its residents. For example, the border-crossing adjustment lowered Medicare expenditures by 13 percent for North Dakota and raised them by 34 percent in Wyoming in 1991 (Table 3) . Similarly, the District of Columbia provides extensive health care services to persons residing in Maryland and Virginia. Without the adjustment, spending per person in the District of Columbia would be grossly overestimated, and spending in Maryland and Virginia could be understated, if not offset by other border-crossing flows of health care spending. Table 6 provides estimates of per capita expenditures by type of service after dividing expenditures for resident beneficiaries in each State by the population incurring these expenditures represented by the total number of Medicare enrollees for 1991. Because the NHA categories are grouped in such a way that both Part A and Part B enrollees are eligible to receive most services, a combined total including enrollees in either or both categories is used as the denominator in computing per enrollee expenditures for different services. A comparison of per enrollee expenditures provides the background for a more meaningful analysis of the variation in expenditures across States for each service because it controls for the difference in the population size.
The border-crossing adjustment raises per capita expenditures for States with NFRs greater than 1 and lowers the same for States with NFRs less than 1, relative to estimates produced using providerbased expenditures without the adjustment. The per capita expenditure data in Table 6 show that the highest spending per Medicare enrollee is for inpatient hospital services ($1,868), followed by physician services ($900), home health care ($122), and other professional care ($117). Overall, the Mideast Region spends the most per enrollee ($3,852), followed by the Far West ($3,809) and New England ($3,618 3   269  244  263  245  284  245  426  280  257  216  267  318  234  284  337  251  292  271  309  298  284  333  345  292  284  397  292  228  175  280  277  41 Hospital- Based  Nursing  Home  Care  20  12  38  11  8  22  86  21  13  10  21  13  25  41  33  18  44  44  38  49  27  28  31  31  44  37  54  40  13  20  18  3 District of Columbia, Massachusetts, Florida, Connecticut, New York, New Jersey, etc.). The average payment per urban enrollee was found to be approximately 17 percent higher than that for rural beneficiaries (Health Care Financing Administration, 1995) . The States with more health care resources tend to experience higher spending by their residents (such as California, with a high physicianto-population ratio). Other factors, such as age and sex composition of Medicare enrollees and their health and disability status (Helbing, Sangl, and Silverman, 1993) Columbia, per capita spending estimates decline by 10-30 percent as a result of this adjustment Even for services such as home health care, for which there is very little border crossing, the effect on some States (e.g., New Mexico, West Virginia, the District of Columbia, Virginia, South Dakota) is quite substantial (8-18 percent increase).
10 For services such as durable medical equipment, a maximum difference of more than 200 percent is also observed (Table 3) .
11 As a whole, the border-crossing adjustment reduces the variability of per capita expenditures across States: The coefficient of variation declines from 22 to 15 percent as a result of using the residence-based estimates to calculate the per capita expenditure.
The adjustment for border crossing has the greatest impact (measured by mean percent difference between adjusted and unadjusted per capita expenditures 12 ) on per capita expenditures for laboratory services and durable medical supplies, but only a small impact on home health care, outpatient hospital care, and inpatient hospital services. Ranked by the average size of the impact, the lowest-to highest-ranking Medicare categories are:
13 home health care (0.58 percent), outpatient hospital care (0.75 percent), inpatient hospital care (0.98 percent), other professional care (1.77 percent), physician services (1.80 percent), hospice care (3.20 percent), nursing homes (3.24 percent), ESRD services (4.90 percent), medical durables (19.0 percent), and independent laboratory services (51.0 percent). The 10 These high percentages result partially from the low volumes of home health care expenditures in those States.
11
These percentages are calculated from Table 3 by subtracting 1 from the net flow ratios and then multiplying the result by 100. Because of the use of the same denominator for calculating both provider-based and residence-based per capita expenditures, these percentages measure the effect of the border-crossing adjustment on per capita as well as aggregate expenditures.
12
This refers to the unweighted mean because the weighted mean is equal to zero.
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The outlying areas are excluded from these comparisons. The rankings refer to 10 Medicare categories before they are grouped into the NHA categories in Tables 1-6. impact is also found to vary substantially across States. In terms of the variability of impact (measured by the coefficient of variation of percent differences between adjusted and unadjusted per capita expenditure), the lowest-to highest-ranking Medicare categories respectively are: nursing homes, medical durables, independent laboratory services, other professional care, ESRD services, hospice, physician services, home health care, outpatient hospital care, and inpatient hospital care. That is, the interstate fluctuations of impact are found to be highest for inpatient hospital services and lowest for nursing homes. The highest variability for hospital services is an indication of the wide fluctuation among States in how border crossing impacts per capita expenditures for this service, although the low average value of the impact for this service indicates that some of the positive and negative impacts cancel out. For services such as independent laboratory and medical durables, on the other hand, the interstate variation is small relative to the high average value of the impact. These findings indicate the sensitivity of the State estimates, especially for hospital services, to the border-crossing adjustment and highlight the significance of making this adjustment.
CONCLUSION
This analysis indicates the extent to which the border-crossing adjustment influences Medicare spending estimates by States. It should be noted that border crossing is one of several factors that explain differences in spending levels. Other factors, such as differences in personal income, the supply of health care resources, the concentration of hospital services in urban areas, and health status, are often found to be as significant in explaining differences in per capita spending levels (U.S. General Accounting Office, 1992). The reason why the impact of the border-crossing adjustment is not visible at the level of average comparison is that positive and negative impacts "net out" when aggregated across States. 14 However, from the perspective of national and State policymaking based on interstate comparisons, the impact of this adjustment on individual State spending estimates cannot be overemphasized.
HCFA's effort to refine and update State spending estimates continues. The next step includes the development of flow matrices for non-Medicare beneficiaries for hospital and physician services, by applying a service-mix adjustment developed from two private data bases to Medicare flows. Work will also continue on updating flow matrices to reflect expenditures for 1992 and 1993 for both Medicare and nonMedicare patients. This update will provide adjustment factors for 1992 and 1993 to the State estimates already published (Levit et al., 1995) . The goal of this project is to enhance the methods of producing estimates of health care expenditures per capita and design a system in which State location of population and expenditure estimates are identical. This project will also enable HCFA to determine the stability of these flow matrices over time. The results of this work will be used to generate a time series of interstate flow ratios to adjust expenditures from the provider-State location to the beneficiary-residence State. HCFA will also explore the feasibility of studying border crossing for geographic areas smaller than the State. who served as the contractor for this project and processed the data to create the interstate flow matrices for HCFA. Additionally, the authors are grateful to the following HCFA staff members who provided comments and suggestions on the draft of this article: Daniel Waldo, Nancy Miller, William Buczko, and Clifton Bailey.
